According to the achievements of the research on affective recognition based on physiological signal and Gross emotion regulation theory, an affective regulation system was constructed, on the one hand it can monitor the user's current affection in real time on the other hand it can regulate user's negative affections by providing an optimal material. Meanwhile, an decision-making algorithm design with improved OWA was used to select the optimal material. At last, an experiment was taken to verify the effectiveness of the improved OWA.
Introduction
Affection especially positive affection is very important for people's intelligence, rational decisionmaking, memory, learning and creative. In addition, the study of psychologists have shown that people in positive affection are better able to complete task than the people in negative affection. Therefore, it is so essential to regulate and manage the negative affection effectively and timely for the people who are working for a long time with computer. But the ability of self-regulation is different for the people who have different personality and cognition [1, 2, 3] . Media Equation was proposed by Reeves and Nass and it said that people tend to treat the media, including computer as real people [4] . Therefore we can regulate people's negative affections by computer. Affective regulation strategies can be divided into expression suppression and cognitive reappraisal according to Gross's emotion regulation theories, besides some related psychological experiments have showed that the cognitive reappraisal is more better than expression suppression [5, 6] . Therefore users can watch their favorite video or listen to a relaxing music to transfer their attention from emotional events to regulate their negative affections. However though some computer system can help people to regulate negative affections through listening to music, watching video and so on, but people must spend a lot of time to choose these materials. In 1997, Picard proposed the concept of affective computing [7] which said that the computer can be given human affections and can provide affective help when people need. At the same time, he boldly proposed the concept of the know your preferred agent. Afterwards, he proposed the humancomputer interaction systems with affective support, and verified it can effectively regulate user's negative affections in human-computer interaction [8] .
Based on the research achievements of predecessors on affective regulation, an affective regulation system with affection support which was based on physiological signal affective recognition was constructed in this article. First, it can detect user's current affective state by physiological signals, then it will choose an optimal material through an improved OWA to regulate user's negative affections, at last, the improved OWA was verified to be effective through an experiment.
Affective Regulation System

Affective Regulation
As shown in Fig. 1 , the affective regulation system in human-computer interaction, which is based on cognitive reappraisal strategy and the achievements of the affective recognition is divided into affective detection module and affective regulation module. The process of affective detection, which is mainly based on real-time affective recognition based on physiological signal is below: Firstly, collecting ECG, GSR and other physiological signals with specific affection by MP150 which is produced by BIOPAC company. Secondly, extracting affective feature set and projecting onto the affection classification template. Finally, recognizing the specific affective state according to the affection model. In addition, an time window mechanism was used to realize real-time affective recognition.
The affective regulation module is mainly to choose an optimal material from the affective regulation material database through a decision making algorithm according to the difference between user's current negative affection and the neutral affection to present to user to reduce user's negative affection experience.
When a negative affection was detected by affective detection module, Euclidean distance of user's current negative affection and neural affection would be calculated through formula 1, and when the value of Euclidean distance is bigger than the certain threshold, an optimal material would be selected from the material database through regulation module with the decision algorithm. Meanwhile, with the help of the material user begin to self-regulation. The affective regulation module would be closed when neutral affection is detected, but the affection detection module is not always working until user get away from the computer. In conclusion, detectionjudgment-regulation is a closed loop in the regulation system.
Gross emotional regulation process model 
Affective Recognition
Affective recognition is an important preparation for affective regulation, only recognizing user's current affective state successfully, can the system regulate user's negative affections effectively. Cognitive psychologists proposed that affections come from cognition and manifest through the various physiological signal, such as limbs, facial expression and so on, so that human affections can be recognized through these affective physiological signals. Speech recognition, face recognition, physiological signal recognition have been researching by many scientific communities in the world. However, speech and facial expressional are more easily influenced by subjective factors than physiological signals. Therefore, our laboratory has been engaging in the research of affective recognition based on physiological signals and we have achieved some results [9, 10] .
We divide the affections into four sections are happy, fear, anger and sadness. The experimental process is as follows: Recruit a number of freshmen (18-22 years old) who are health and no history of heart disease. Firstly, they will watch a movie with specific affection and the movie will induce a specific affection of them. At the same time, their affective physiological signals were collected (electrocardiogram (ECG), skin electric (GSR) and Heart Rate (HR), blood oxygen saturation, pulse) by MP150. According to the experimenters' observation and participants' questionnaires, some invalid data were removed by this way, meanwhile an affective physiological signal sample database was established. Then, these sample data were processed according to the feature extraction method proposed by Augsburg University [11] which include extracting the corresponding affective feature set and making classification by classifier (Fisher, SVM). At present, we have been able to determine GSR and ECG feature set of five affective states (natural, happy and anger, fear and sadness) and constructed an affective recognition template. For example, Table 1 lists the ECG feature set for recognizing fear. As shown in Fig. 2 , affective recognition process includes de-noising, extracting affective feature, classifying these feature according to existed affective recognition template and recognizing user's current affection. When user needs affective regulation, how to choose regulation material is an important decisionmaking problem. In this article OWA is proposed to choose an optimal material, it is a multiattribute decision algorithm which proposed by the American scholar Yager RR, in addition, OWA operator function describes the attitude held by every decision-maker to various decisionmaking: positive, neutral and negative. So, in accordance with the decision-makers' character, there are some methods to make decision: Minimax, Hurwicz method is also known as optimistic coefficient method. Generally speaking, which material should be chosen depends on the user's evaluation to every attribute of materials and the user's character definition of OWA operator: 
Building Material Evaluation Matrix
In affective regulation system, The materials which will be displayed on computer not only have a stronger regulation ability but also correspond to user's requirements. The paper quotes P, A, D from PAD model [13] , to measure materials' ability of regulating negative affection and add E to measuring the preference degree of materials. The materials' attributes set is Au={P, A, D, E}. P is the user's pleasure degree; A is positive affection activation degree of user's, D describes user's dominance degree, E represents the degree of user's liking of material. The specific experiment process of acquiring various materials' attribute values is as follows: Firstly, inducing a negative affection through displaying a video with negative affection. Secondly, presenting a prepared material immediately, when the neutral affection was detected and last 10 seconds before stopping the experiment. Finally, let participant grade the material's attribute values of P, A, D according to the rules of marking for PAD model, and the value of E is obtained from the attribute E. In this way we can determine evaluation matrix: 
In addition, because the experiment was stopped after 10 seconds, the strength of the positive affection would not very strong, the value of p, a, d will not be bigger. Hence in this article we don't need consider interval, the higher of p, a, d values the stronger regulation ability of the material. In addition, the number of attributes of material could be extended in the future study.
Material Selection Based on Improved OWA
When the evaluation matrix is determined, α i is a collection of aggregated objects in the unit interval which has to be ordered and stored in decision table. Each aggregated value would be calculated by Hurwicz's method [15] (formula 2) where ρ represents the optimism of the decision maker (0 < ρ < 1). And with respect to weights ϖ i , it can be updated by application of the Widrow-Hoff rule [16, 17] to eliminate the subjective influence. The process is described below:
Step 1 Calculating each aggregated value by Hurwicz's method
Step 2 Updating corresponding property weight
Single-hidden layer feedforward neural network was constructed according to Widrow-Hoff rule, and each input node is corresponding to each property value of material, the network is updated with back propagation of the error: e k = 1/2(
Where β = 0.01 is learning rate and
Wei Yiming verified that, each property weight can be calculated by normalizing the sum of the absolute values of linked weights of each input node and all hidden layer nodes [15] .
However, the result of original OWA operator can't be changed along with the change of rEuclidean distance which indicated user's current negative affection and neural affection. The improved OWA operator showed in formula 7. The user' evaluation value would be changed by taking the exponential power of r to every material's property value. The improved OWA operator strengthen the impact of smaller and bigger evaluation values on choosing material.
Experiment Results
In order to verify the effectiveness of improved OWA operator, we recruited several freshmen (18-22 years old) who are health to complete the experiment mentioned in Section 2.2, their character was tested by EPQ to get the value of ρ, and the value of each attribute of 4 materials was available from the questionnaire and stored in database. We chose 100 questionnaires with ρ = 0.75 and 100 questionnaires with ρ = 0.27 as sample data then, randomly selected 50 questionnaires among 100 questionnaires with ρ = 0.75 and 50 questionnaires among 100 questionnaires with ρ = 0.27 respectively as training data to update the property weight. The remainder questionnaires would be taken as test data. Table 2 and Table 3 exhibit the training sample data, Table 7 and Table 8 exhibit the test sample data. Table 4 indicates initial values of each property weight, Table 5 and Table 6 indicate the updated values of each property weight, respectively for ρ = 0.27 and ρ = 0.75. Table 9 displays the results of original OWA aggregation with condition of ρ = 0.75, Table 10 displays the results of improved OWA aggregation with condition of ρ = 0.75, r=0.25, Table 11 displays the improved OWA aggregation values of every material with condition of ρ = 0.75, r=0.7, Table 12 displays the improved OWA aggregation values of every material with condition of ρ = 0.27, r=0.25. As shown in Fig. 3 , from the top down in turn, is the aggregation value of original OWA with ρ = 0.75, the aggregation value of improved OWA with ρ = 0.75, r=0.25, the aggregation value of improved OWA with ρ = 0.75, r=0.7 and the aggregation value of improved OWA with ρ = 0.27, Table 9 : The aggregation of original OWA
0.6099 0.5454 0.5027 0.6341 r=0.25. when ρ = 0.75, r=0.25, the first material was chosen, when ρ = 0.75, r=0.7, the fourth material was chosen. So it shows that for the person with the same character, the different material would be chosen due to the difference of r. When r=0.25 and ρ = 0.27 the third material was chosen, and compered with the result with ρ = 0.75, r=0.25 it shows that for the different r, the different material would be chosen due to the different character. The experiment result showed that according to the improved OWA operator the material would be chosen can not only 4485 be changed along with the change of r but also it can be changed along with the change of ρ. 
Conclusion and Future Work
In this article, we constructed a real-time affective regulation system which integrates the functions of detection, judgment, identification and regulation, in addition, we described how to detect human current affective state and do a thorough research on the decision-making process which is according to the Euclidean distance between user's current affection and the neutral affection to choose an optimal material from the affective regulation material library to display on computer. Besides, we put forward to apply OWA operator to choose the material and improved the OWA operator according to specific application requirements. Finally, we used Matlab to verified the effectiveness of improved OWA operator. However, the evaluation matrix was determined too subjective, in the future work, we must try to use users' affective physiological signal to determine the evaluation matrix. Besides, decision-making algorithm also needs to be improved, the correlation among each attribution of every material also should be considered.
